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I. INTRODUCTION
Newton created classical mechanics almost singlehandedly in less than three years, starting in the late summer of 1684 and completing his Mathematical Principles of Natural Philosophy ͑usually called the Principia from their Latin title͒ in the early summer of 1687. The creation of quantum mechanics took a little longer, starting with de Broglie's wave nature of the electron in 1924 and ending with the general quantization of wave fields by Heisenberg and Pauli in 1929. The intervening five years present a unique flowering of new ideas that form the conceptual base for all of modern physics.
Quantum mechanics describes physics on the atomic scale. The word atom was chosen to apply to an object that cannot be cut into smaller pieces. Therefore, its mathematical description requires concepts that contradict to some extent the foundations of classical mechanics. Since our intuition is based on our experience with objects on the macroscopic scale, however, we have to deal with the contrast and take advantage of any connections between the apparent opposites when we try to solve particular problems. The alternative would be a purely logical application of abstract rules, such as one could expect a computing machine to handle all by itself. The results would still have to be interpreted just as any data from a survey or a controlled experiment. Thus, in order to understand modern physics, we have to be aware of the interplay between classical and quantum mechanics.
The same situation occurs in the relations between geometric ͑ray͒ optics and wave optics, although the contrast between the macroscopic and the microscopic scale is not as extreme and the special applications may be quite different. The time interval for working out the conceptual difficulties, however, was much longer since the diffraction of light is first described in the work of Grimaldi, which was published in 1665. The resulting controversy was only settled by Young and Fresnel 150 years later. Another century passed before the electromagnetic theory of light got its final triumph when the diffraction of x rays by crystals was discovered by Laue in 1912. This happened after Einstein had revalidated the corpuscular nature of light in his work on the light quanta.
Wave phenomena could be observed during all this time most easily on the surface of water. The mathematical theory of hydrodynamics and acoustics was developed without much controversy. In the Principia, Newton discusses the motion of a fluid through the opening of a screen, complete with the standard picture of a wave that is diffracted as it passes a narrow opening in a wall. The interplay between classical and quantum mechanics has a close analog both in the electromagnetic theory of light, and its wave phenomena themselves can be visualized most directly in the propagation of sound and water waves.
These analogies played a crucial role in the historical development of physics on the atomic scale, and they are an important part of the introductory teaching in modern physics. But they are usually hidden in the textbooks and monographs, and they are rarely acknowledged in the articles of the main scientific journals. Apparently, most authors nowadays feel completely comfortable with applying quantum mechanics to their special area of research. They are concerned exclusively with proving that their results are in total agreement with the mathematical predictions of quantum mechanics. Consequently, they tend to hide any approximate and intuitive idea that could be used ͑and probably was used͒ as a simple preliminary check, and provide some motivation to the reader. Many theoretical physicists seem to imitate the mathematicians in eliminating any crude approximation from their publications because it could be misleading to the readers.
This Resource Letter is meant to provide some relevant information for three distinct, but related purposes: ͑i͒ to cover the areas of physics where the interplay between classical and quantum mechanics may help in explaining the basic ingredients to the novice; ͑ii͒ to list the most easily accessible sources, primary as well as secondary, that deal with the historic transition from classical to quantum mechanics; and ͑iii͒ to provide a rough idea of the recent applications where the semiclassical approach to quantum mechanics has been used with some success.
II. THE HISTORICAL APPROACH
The main purpose of this Resource Letter might be best served if the transition from classical to quantum mechanics is studied in the chronological order of events. Such a program is hard to carry out, however, because many crucial problems were solved quite unexpectedly and completely in a very short time. It was as if a mighty fortress had been beleaguered for decades, and then was taken by storm after the troops had been able to penetrate through a small opening in the walls, and overwhelm all further resistance. The exact process of conquest is of less interest than the stubborn resistance that preceded the capture.
The development from classical to quantum mechanics will be divided into four periods. Each period is defined as a time interval between some definite years; these limits were chosen to some extent in order to have simple dates that are related to our year of 1996.
The Classical Period-from 1596 to 1895. This period starts with the year of Kepler's first publication, Mysterium Cosmographicum ͑The Secret of the Universe͒, which is in rough coincidence with Galileo's first works, De Motu ͑On Motion͒ of 1590 and Le Meccaniche ͑On Mechanics͒ of 1600. Preceding both is a marvelous book by Simon Stevin of Brugge in Flanders of 1586, De Beginselen der Weeghconst ͑The Beginnings of the Art of Weighing͒.
These three centuries cover several basic developments in classical physics: the progress of mechanics from its first formulation by Isaac Newton to the sophisticated formalism of Lagrange, Hamilton, and Jacobi; the advance of optics from the geometry of light rays to the wave phenomena of diffraction and interference; and the development of field theories to cope with hydrodynamics, acoustics, elastic vibrations, and particularly, electricity and magnetism.
The nineteenth century also produced the laws of thermodynamics and the beginning of statistical mechanics; the same century brought us spectroscopy and its many applications in gases, liquids, and solids; finally, there is the spectacular development of chemistry that led to the structure of many molecules and the periodic table of elements. All of these areas had a profound effect on the birth of quantum mechanics, and were in turn deeply affected by it.
The Transition Period-from 1896 to 1925. Some of the world-shaking discoveries that mark its beginning include: x rays by Wilhelm Conrad Roentgen in 1895, radioactivity by Antoine-Henri Becquerel in 1896, and the electron by Joseph John Thomson in 1897. This period covers the early work by the great pioneers Max Planck, Albert Einstein, and Niels Bohr, who found the first explanations for the simplest problems in the interaction between isolated atoms like hydrogen and helium, and the electromagnetic field. They were the masters in stretching the validity of classical mechanics way beyond its natural domain with the help of purely empirical rules.
The Modern Period-from 1926 to 1965. In the first six months of this period the four monumental papers on wave mechanics by Erwin Schrödinger were produced. Physics once more looked like an open book where the answers to all questions can be reduced to very few elementary principles that are expressed in precise mathematical language. There no longer seemed any need to fall back on the magical inventions of the transition period, because the explanation for every concrete experiment seemed reducible to a tractable, mathematical problem. No discrepancy was ever found in the comparison between the results of the laboratory and of the quantum-mechanical theory.
The Post-Modern Period-from 1966 until now. This period is characterized by the realization, on one hand, that the basic issues concerning nuclear and elementary-particle physics are still far from resolved, and on the other hand, that most of the important phenomena on the atomic scale and above cannot be readily deduced from the accepted foundations in these fields.
In spite of the tremendous increase of scientific activity in these last 30 years, the simple-minded optimism of the Modern Period for an ultimate understanding of the whole universe is no longer justified. Physics has acquired many of the attributes of engineering where the known fundamental principles are used to think of inventions and novel applications, and complete explanations are a luxury to be left for later generations.
Since the problems to be tackled have become much harder, there is more emphasis on intuitive insight, and approximate methods are appreciated because they provide a better understanding. Therefore, classical pictures and models are again called upon, as they were in the period of transition. But they are now used in the full knowledge either of what an exact treatment would demand in problems from the atomic scale on up, or of the large territory still to be discovered in the nuclear and elementary-particle domain. The date of 1966 was chosen by the author because it marks the beginning of his work on the connection between classical and quantum mechanics, which was the first to take into account the possibility of chaotic behavior in classical mechanics.
Each of these four periods has contributed in its own way to the interplay between classical and quantum mechanics. It seemed, therefore, most natural to divide up the vast number of individual connections according to their origin in one of these four time intervals. The bridges from one to the other will be pointed out if they appear to be particularly significant. But within each period the various items will be grouped together according to their technical areas.
Each of the four consecutive periods will be covered in this Resource Letter. The text dealing with each period will be subdivided into sections that are devoted to the main topics of investigation during that period, as far as they are related to the basic issue of this Resource Letter. Inside each section, we will try to adhere to the usual format with subsections for each of the various modes of publication.
III. SOME REMARKS CONCERNING THE CHOICE OF THE REFERENCES
Sections V-VII contain mostly the titles of textbooks and monographs, whereas Sec. VIII contains mostly the titles of conference proceedings and collections, plus a large selection of articles in contemporary scientific journals. Many institutional libraries have recently adopted a policy where books are kept in the accessible stacks, but bound journals older than ten years are relegated to some warehouse where they can be recovered on special request; browsing in old journals is essentially discouraged.
Most journals are actively trying to limit the number and length of the articles that are published. Unfortunately, the authors do not seem to cooperate, and the result is an exponential growth at a rapid rate of the number of pages published in almost every journal. At the same time, either the area covered in any one article gets smaller in order to ensure rapid dissemination of new information, or the same information gets spread out with minor variations and in different combinations, particularly in conference proceedings.
Nevertheless, there is a lot of very good work coming out all the time. But the monthly tables of content demand more patience and concentration if a potential reader wants to find the items that are most interesting in any special field. General classifications are hard to establish because any article is likely to touch more than one area. Section VIII is subdivided into many more categories than Secs. V-VII to help the reader through the available literature. These sections are not meant to propose a systematic and exhaustive scheme, but only a practical way to distinguish among the existing publications.
The original intention of the author was to put together a list of references that could make some claims to completeness, at least for the purpose of an introduction concerning the interplay between classical and quantum mechanics. This topic, however, not only covers all of the twentieth century and pervades a large part of the active branches in physics, but it has also become ever more active in the last 30 years, with many applications coming into view all the time. Therefore, the present list is hardly more than a personal collection coming from somebody who has been an active participant in the recent revival. Some helpful suggestions by Doug Stone and Turgay Uzer are gratefully acknowledged. 
IV. JOURNALS

V. THE CLASSICAL PERIOD
Although some of the original texts from this period may be hard to obtain, the author has found many of them languishing in university libraries, completely unappreciated for their critical role in the development of physics. The author would like to encourage the reader to take at least a casual look at them, even if they are written in an unfamiliar language, nothing worse than Latin in any case, and often available in English translation. The density of new information is usually orders of magnitude above the standard publication in our time.
A. Some historical documents of classical mechanics Galileo's claim to be the father of modern mechanics is based on this work, written after his condemnation by the Church and published in 1638. The two new sciences cover problems in statics, and in dynamics, particularly the motion on an inclined plane, the pendulum, and parabolic trajectories of projectiles. Although written as a conversation between three people, it proceeds through numerous simple theorems in geometry as well as some experiments where the modern reader is left wondering whether they were real. white light by a prism, the last part deals with ''inflexion,'' Newton's word for diffraction that has not survived, and for a good reason. He recognizes Grimaldi's work in the first sentence, but he has an explanation in terms of particle trajectories that are bent in the neighborhood of a sharp edge. Covering not only fundamental principles, but also fluctuations, noise, and transport phenomena requiring a minimum of mathematical skills. ͑I͒
VI. TRANSITION
Since the Transition Period came to an end 70 years ago, it is receding into the distant past. Its eminent representatives died a generation ago, and their work is no longer studied for its own merit, but only as a stepping stone to a more complete and definitive theory. Nevertheless, their struggles with preliminary results and ad hoc explanations help us appreciate the inherent difficulties of quantum mechanics, which offers only an abstract approach to reality instead of the concrete pictures in classical mechanics. The preliminary concepts from the transition period very often were shown much later to provide a valid approximation to the mathematical results of quantum mechanics. A status report by the experts on both experiments and theory concerning atomic spectroscopy, on the eve of the big breakthrough. The detailed knowledge of the facts is impressive, and is reminiscent of the present condition in nuclear and particle physics where a consistent theory is also missing right now. ͑I͒ A fascinating report on the work of Boltzmann and Nernst trying to explain the blackbody radiation classically, and almost succeeding. ͑I͒ 47. ''Zero-Point Energy in Early Quantum Theory,'' P. W. Milonni and M.-L. Shih, Am. J. Phys. 59, 684-698 ͑1991͒. A careful discussion of the historical background and the physical foundations for a crucial early input into modern physics. ͑E͒
A. Historical surveys
Articles in scientific journals
VII. MODERN PERIOD
A. Classical mechanics with a modern viewpoint
The emphasis in classical mechanics has changed greatly since Newton, and the arrival of quantum mechanics in the 1920s can be seen in the choice of the methods and the examples that are discussed. But the new ideas from the work of Poincaré have not penetrated into the awareness of most physicists. The solutions of problems in classical mechanics, and quantum mechanics as well, are still presented as a matter of finding the right transformation of coordinates. . Although this textbook was written in the ''Post-Modern'' Period, the author decided to adopt the views of the earlier ''Modern'' Period. The connection between classical and quantum mechanics is found in the similarities of the mathematical formalisms rather than the phenomena. ͑I͒
Textbooks and monographs
Classical Mechanics,
B. The new wave mechanics
No serious student in physics can do without any knowledge of wave mechanics as it can be found in a vast number of textbooks. The intended audience for these books covers a wide range, from pure mathematicians who are interested in proving general theorems, to engineers and chemists who want to concentrate on limited and well-defined applications. We will mention only the relatively few books where the transition from classical to quantum mechanics gets more than just a perfunctory treatment. A number of monographs can be considered classics in QM because of their independent approach and depth.
Finally, some authors have tried to present the subject without the help of its almost inevitable mathematical apparatus, but rather by appealing to the reader's intuition with the help of ingenious illustrations. This kind of effort is of great importance for physics, however, because it helps in making the origin and the practice of quantum mechanics more understandable to the lay people. A teacher might find some inspiration to get away from a purely formal discussion of the important concepts. The basic and, at its time, complete monograph on spectra of diatomic molecules. It can fairly be proclaimed as the book that proved quantum mechanics to be the foundation of molecular physics, and therefore of all chemistry. But the experimental results are way ahead of any detailed calculations, so that explanations have to remain qualitative, using simple, sometimes classical arguments. Both volumes are an impressive demonstration of the amount of knowledge in this special field that was already known, and understood in a qualitative way, some 50 years ago. ͑A͒ 
Qualitative discussions for the general reader
H. Electrons in solids
Textbooks and monographs
The Theory of the Properties of Metals and
Alloys, N. F. Mott and H. Jones ͑Clarendon, Oxford, 1936; reprinted by Dover, New York, 1958͒. The conduction of electrons in a solid is always approached classicallydomain. Only relatively simple examples are treated as illustrations of the fundamental ideas, which are presented in verbal rather than abstract mathematical terms. ͑A͒ 99. Statistical Mechanics, Kerson Huang ͑Wiley, New York, 1963͒. Standard text for the beginning student in this area, before the more formal methods from field theory became dominant. ͑A͒
Articles in scientific journals
VIII. POST-MODERN PERIOD
The last 30 years in almost every area of physics have seen an accumulation of results that far surpasses what any individual is able to appreciate. Whereas this growth seems exponential at a relatively steady rate in many wellestablished fields, it looks as if a sleeping giant had been awakened in the special area of this Resource Letter.
The sudden explosion is intimately connected with the growing awareness of what is now called chaos, for the lack of both a better word and of any description, let alone explanation, of this general phenomenon. The various quarters where quantum mechanics is the fundamental tool have responded quite differently. Nuclear, atomic, and molecular physicists have been in the forefront of trying out new ideas for making the connection with classical mechanics. Condensed-matter physicists are jumping on the band wagon with a vengeance right now, but the main practitioners of high-energy and even of statistical physics have as yet to take notice.
Some of the fields with a long history, going back more than a century, experience this development differently because quantum mechanics is not part of their foundation. Therefore, fluid dynamics and acoustics will not be mentioned although they face similar problems in reconciling the ray and the wave picture. The same holds true for all of optics over its wide range of frequencies, with an additional complication. The electromagnetic field has to be ''secondquantized'' to allow for the photons as classical particles with Bose-Einstein statistics. The resulting behavior of many nonlinear devices in quantum optics is again chaotic, but it is described by the same theory as the chaos in classical mechanics, and is hardly mentioned in this Resource Letter.
The vast literature has been organized somewhat artificially into separate groups, but many textbooks, monographs, and conference proceedings spread out into more than one of these classifications. More serious, however, is a large amount of duplication where the same author contributes very similar papers to different conference proceedings. Many summary descriptions may sound alike, so that one collection of contributed articles may be just as good as another. The reader suffers no great loss if only one such collection is available at the local library. Yet many of these proceedings provide a good starting point to find out what is happening and who is active in any of the specialties.
It would have been impossible to give even a cursory survey of the papers that appear in the archival journals, because so many people are working hard and publish their results as soon as they have something to say. I have made a choice of articles that I consider particularly interesting be-cause of some new result or novel idea. Such an article may not always provide the most efficient route for the newcomer, compared with some later discussion of the same topic, but it may offer a better insight into the discovery process at the price of some extra effort. But on the whole, the list of publications below is no more than a sampling from a vast set, with some inevitable personal bias. function for an arbitrary system is shown to become a sum over classical periodic orbits in the semiclassical limit, thus yielding what is now called the general trace formula, in particular when the orbits are unstable as in the anisotropic Kepler problem. ͑I͒ 195. ''Eigenfrequency Density Oscillations,'' R. Balian and C. Bloch, Ann.
A. The new classical mechanics
Textbooks and monographs
Dynamical Systems
. Voros, Phys. Rep. 143 ͑3͒, 109-240 ͑1986͒. A theoretical physicist's rather than a mathematician's view of the propagation of particles and waves on a surface of constant negative curvature, still trying to be correct while emphasizing the geometric pictures. ͑I͒
Articles in scientific journals
Phys. ͑N.Y.͒ 69, 76-160 ͑1972͒. Bogomolny, Nonlinearity 5, 805-866 ͑1992͒. The quantization of an arbitrary system with k degrees of freedom is reduced to a map of a (kϪ1)-dimensional surface on itself, which can be directly expressed in classical terms and leads to the periodic orbits. Georgeot, E. Ott, and R. E. Prange, Phys. Rev. E 53, 3284-3302 ͑1996͒. The close connection between periodic orbits and energy levels ͑or resonances͒ persists even if rays are allowed to split on interfaces. ͑I͒ 
G. Maps and billiards
K. Molecular physics
The items in this and some of the following sections came to the attention of the author without any systematic effort on his part to understand all the problems in this area that can be treated with the help of classical mechanics. They are presented here in order to encourage the reader to go to the library of the physics and chemistry departments, and find out the many fields where the quantal nature of physics and chemistry can be illustrated in terms of classical concepts. Nakamura ͑Cambridge U.P., Cambridge, 1993͒. In spite of its general title this monograph concentrates on the chaotic motion of small spin systems as well as spin waves in solids. The treatment is quite systematic and complete with many references, but it requires a fair degree of mathematical sophistication. ͑I͒ 
Conference proceedings
M. Field theory
Instantons are a special manifestation of the much older solitons that go back to some simple hydrodynamics at the beginning of the nineteenth century. Mathematicians discussed them as solitary waves due to gravity on the interface between water and air. Physicists picked up the idea in the 1950s and 1960s, and it finally entered particle physics with a 1974 paper listed below. Their implicit hope was that elementary particles would be directly related to soliton-like solutions of their classical nonlinear field theories. But Derrick's theorem ͑cf. below͒ shows that solitons occur only in 1ϩ1 dimensions, and, quite generally, they are tied to the possibility of completely integrating the equations of motion, which is a very unlikely circumstance at best ͑cf. below͒. 
Q. Mesoscopic systems
Collections and surveys
Mesoscopic Phenomena in
